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SPEEDS OF THE EFFECTS OF AIGERON SPAN AND SPANWISE

LOCIYI’IONON THEROLLINGCHARACTERISTICSOF A

TEST YlZ131CLEWITH THREE~

45° SWEPTBACKWINGS

By Harold S. JohnSOn

SUMMARY

A wind-tunnel investigation was made through ELMach number range
of 0.30 to about 0.94 to determine the rolling characteristics of a
three-winged free-flight type of test vehicle having untapered 45° swept-
back wings of NACA 65AO09 airfoil sections and equipped with O.‘20-chord .
ailerons having various spans szklspanwise locations. The aspect ratio
based on the area of two wings was 3.7.

The wing-tip helix angles, rolling-moment coefficients, and damping-
in-rol.lcoefficients were generally only slightly affected by Mach number
variations for the range covered in the investigation. A partial-span
aileron was most effective when at a midsemispan location and least

—

effective when located at the wing tip. The aileron effectiveness
parameters SJU3the damping-in-roll coefficients were in good agreement
with theory. The results are in good agreement with data obtained by
the free-flight rocket-propelled amd transonic-bump testing techniques.

INTRODUCTION

The need for lateral-control design data in the transonic speed
range has led to the establishment by the National Advisory Committee
for Aeronautics of an integrated progrsm for transonlc research. The
experimental data for this program are being obtained through the use
of different testing methods,“each of which has its limitations with
regard to such factors as Mach number range, Reynolds number, and type
and size of model. One testing technique consists of firing free-flight

s“



2

,.

NACA RM L51B16

rocket-propelled test vehicles having preset deflected ailerons! Frcuq
trammitted records of the flight, the variations of “fig-tip helix
angle and drag coefficient with Mach number are obtairied..,

This paper presents the results of a wind-tunnel investigation of
such a test vehicle made to determine the effects of a“lleronspan “and

—.

spanwise aileron location on the rolling characteristics and, in addf-
tion, to compare the rolling effectiveness of three of the aileron con-
figurations with corresponding data obtained by the fi-ee-flighttesting
method. The three-winged test vehicle was mounted.on a free-roll sting
support in the Langley-300-MPH and high-speed 7-
The investigation covered a Mach number range of

by 10-foot tunnels. -
from=0.3 to shout 0.94..—. +—--

pb/2V

c1

cZp

L

P

b

s

v

q

P

M

a

?5a

-=

wing-tip helix

rolling-moment
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rolling moment resulting from aileron deflection, foot-pounds

rolling velocity resulting from aileron deflection, radians
per second ,.:—.— .-

diameter of circle swept by wing tips (with regard to rolling
characteristics, this diameter is considered to be the
effective wing span of the test vehicle), 2.184 feet

totql wing srea (wtngs assumed to extend to model center line),
1.931 square feet <. -:,.+ :,_-

free-stream or flight-path velocity, feet per second .

()dyusmic pressure, pounds per square foot +

mass density of air, slugs per cubic foot ~

Mach number (V/a) .,..—

speed of sound, feet per second .... ,.— .—

average aileron deflection of three wings relative to wing-
chord plane, measured perpendicular to ail-eronhinge axis, –
degrees k
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twtce average aileron deflection (equivalent to the total
deflection of the opposite deflected ailerons on a conven-
tional wing configuration), degrees

spanwise distsace from model center
aileron, feet

spanwise distance from model center
aileron, feet

aileron span measured

*X
~

perpendlculsx

line to

line to

inboard end of

outboard end of

to model center line, feet

MODEL AND TESTING TECHNIQUE

The dimensional characteristics of the test vehicle used in the
investigation are shown in figure 1. The model consisted of a pointed.
cylindrical.wooden body at the rear of which were attached three
sluminum-alloy wings of NACA 65AD09 airfoil section (measured parallel
to model center line).. The three-wing arrangement is used to provide
free-flight stability for this type of test vehicle. The wings were
untapered and swept back 45°. The aspect ratio (based on the area of
two wings measured to model center line) was 3.7.

The interc able 20-percent-chord ailerons, having deflections
of approximate 2°, 5°, 10° and 20°, were constructed with Joints
at three spsmwise locations so that various spans of ailerons at
various spanwise locations could be investigated (fig. 2). There was
no gap between aileron segments when two or more segments were tested
in combination. The ailerons were sealed with no surface discontinuity
at the hinge axis. The ailerons were deflected simultmeously on all
three wings.

The rocket motor was replaced by a steel sting (fig. 1) which
extended behind the test vehicle into a free-roll sting support located
downstream from the test section. For the high-speed-tunnel tests, the
sting support was attached to a vertical strut which was part of the
tunnel bslance system. Both the strut and a pert of the sting support
were shielded from the air stresm by a fairing. A photograph of the
installation is shown in figure 3. The high-speed-tunnel rolling-moment
data were obtained from tunnel balance measurements with the sting

●

restrained in roll. For the tests in the Lsngley 300 MPH 7- by 10-foot
tunnel, the sting support was mounted on a verticsl strut which was
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attached to the tumel floor and ceiling. The rolling moments were .__.
measured by a calibrated electrical-resistancestrain gage with the .L—.-
sting restrained in roll by the strain gage. In both tunnels the

A...

rolling velocities were electrically recorded. A more complete,descrip- “ ““ ““-
tion of the high-speed-tunnel free-roll testing eq~iipmentis given in ““ ‘“” “-
references 1 and 2. From the measured data,-rolling-m~hkmtcoefficien-tis,
wing-tip helix angles, and demping-in-r911 coefficients were obtained
for a Mach number range of from 0.30 to about 0.94, ~.

.,- .: ._ .-—-—
.-

The sngle of attack was 0° for all tests. The a~”leron”deflection
range investigated was from O0 to about 20° at a Mach number of 0.30
but was limlted to 5° or 10° for Mach nmibers greaier than 0.30. In

( )
addition to the full-span aileron ba = 0.80$ , three=partial-sp~ ‘

( )outboard ailerons YO = l~o~ ~ three partial-spah liiboerdailerons

(Yi )
= 0.191~ , and the O.@ aileron at the midsemisp-i location -

(Yo = 0.79($., y~ = 0.39$
)
were tested. (See table ;andfig,’ 2.) ““

The variation of Reynolds number with Mach niunberfor-average test ‘“–
conditions is shown in figure 4.

-.
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CORRECTIONS ,... .

.

The rolling-mcment coefficients, wing-tip helix ag.gles,and Mach
numbers have been corrected for blockage by the model snd its wake by
the method of reference 3. The coefficients have pot”been corrected
for the effects of teres. Tests of other sting-suppofiedmodels in th%
high-speed tunnel have shown the tare corrections to rolling-mmnent
coefficients to be negligible. The rollin~mloci.ties have been cor--.
rected for the small besring-friction losses. No co@ctions have bee’h
applied to the data to account for the effects of wing distortion under
load; however, a discussion of these distortion effects is included in
following sections of this paper. The change in aileron deflection
resulting from load was negligible. The model had a $hall amomt of
wing incidence.and twist and initial aileron deflection resulting from”
constructional limitations. The data were “correctedto a-wing inci-
dence of 0° and no twist by subtracting the data obtained with the
ailerons at the initial deflection from the data obtained with the
ailerons deflected. The aileron deflection given is the ~ncrementsJ_
difference between the deflected aileron and the ailer_onat the initial
deflection.

—
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RESULTS AND DISCUSSION

Fresentation of Data

The effects of aileron span and spanwise location on the variation
of the rolling characteristics pb/2V, Cz, and cZp with aileron

deflection and Mach number are presented in figures-5 to 9. Also shown
in figures 6(a) and 6(b) is a comparison of theoretical and exp@.mentsl

values of Cz . A comparison of the experimental values of &i@ ~th
P %

those obtained from free-flight rocket-propelJ.edtests of similar models
is shown in figure 10. The effects of aileron span and spanwise loca-
tion on the aileron effectiveness parameter cz~ sre presented in fig-

ures 11 and 12. A comparison of the experimental and estimated CZa

values is shown in figure 13. The e~rimentsl CZ8 values are com-

pared in figure 14 with those obtained for a simik model by using the
transonic-bump testing technique.

*
Wing-Tip Helix Angles

. For all spans of ailerons at the various spanwise locations inves-
tigated, the vsriation of pb/2V with aileron deflection was very
Ilemly linear for values of ba of less than about 10° (figs. 5 to 8).
The pb/2V values”generally decreased slightly with increasing Mach
numbers and this decrease became more pronounced at the higher Mach num-
be*s (M>o.85). These Mach number effects were less pronounced when

(
the aileron was at the inboard yi = 0.19$) location. The variation

of pb/2V with aileron span was’generally &nlinesr (figs. 5 to 9).

Throughout the Mach number range investigated, the outboard 0.20~

aileron was less effective in proportion to span in producing pb/2V
than the larger span outboard ailerons. At low Mach numbers, the

inboard 0.20# aileron was also less effective in proportion to spsm

than the lsrger-span inboard ailerons. This vsxiation of pb/2V with
ba became less pronounced as the Mach number was increased and was
very nearly linesr at the highest Mach numbers investigated (fig. 9).
A study of figures 7 to 9 indicates that partisl-span ailerons located
inboard on the wing semispan were more effective thsm ailerons located
at the wing tip and this effect of spanwise location generally became
more pronounced as the Mach number was increased.9 The data for the

O.&O~ ailerons show the midsemispan location to be the most effectim

(figs. 7s.nd 8(a)). .-
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A comparison of the rolling effectiveness of the test vehicle

equipped with inboard and outbosrd O.!-0~ and full-span ailerons with “-

that obtained from free-flight rocket-propelled tests of similar models
(reference 4) is shown in figure 10. The rolling effe”EtivenessiS “ ‘-

@ &cause the ~tleron def~ections ~~e not identicalexpressed as .

and the parsmeter represents the helix angle resulti~—from a 1° “totsl-
aileron deflection (the swmnation of the opposite deflected ailerons)
on a conventional twb-wing configuration. The chauge in interference
effects resulting from the three-~ng grrangernenthas _5eenneglected. ‘
(See reference 4.) The comparison shows that the resu~s- obtained by *
the two testing techniques are in good agreement. The-wings of the
test vehicle used in the wind-tunnel investigationwere approximately
twice as rigid in torsion as those of the free-flight vehicles. Com-
putations by the method of reference 5 show that wing distortion
accounts for most of the difference between the tunnel~and free-flight

data for the outboard O.~~ and full-span ailerons. At M= 0.9, the-..... .. . .... ,—. _-
computations for the full-spa ailerons indicate t~t the test results
are about 6 and 15 percent less them those for a rigi~-wing for the
tunnel an& free-flight models, respectively, and the c~mected resfilis-
agree within 0.0002. For the inbosrd ailerons, th~=co—tie”ctionfor”wl.@j-
distortion would increase the discrepancy but, because”the aileron- “-’
moment arm is short, the corrections me very small and the maximum

.

difference between the corrected values is about’O.0003.
--

Rolling-Moment Coefficient

The data of figures 5 to 8 show that the effects of aileron deflec-
tion, aileron span, and aileron spanwise location on the rolling-moment
coefficients are generslly simil~ to those on the wi~-tip helfi
angles. The rolling-moment coefficients were less aff$cted by Mach num-
ber variations than the pb/2V values for the range covered in the
investigation.

. ,-...A.
, , ~ *__.- -..~—.

The aileron-effectivenesspsnmeter CZ~ was relatively unaffected
—

by Mach number variations for the range investigated (figs. 11 and 12).
Pertial-span ailerons were more effective when located inboard on the
wing semispsm than at the outboard location (figs. 12j13, and 14) and

the O.@$ aileron was most effective when at the .mids.emispanlocation.
—

------ .._
The agreement between the experimental and estimated (reference 6)
values of CZ8 for the various ailerons iri~estigated~isgoodj although

.—

the estimated values are slightly lower than the experimental values
v

for the ailerons having inbosrdlocations and me generally slightly ..
-. .

.
—.

—.
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.
higher for the outbosrd ailerons (fig. 13).
that the sting-model results generally agree

7

The data of figure 14 show
with the results of an

. investigation of a similar model utilizing the transonic-bump testing
method (reference 7). The bump-model data of reference 7 show a more
marked reduction of Cz~ with increasing Mach number than was shown by

the sting-mounted-modeldata.

Calculations and loading tests of similar wings have indicated
that the loss in rolling-moment coefficient due to distortion under
load is about 8 percent at the hi est Mach numbers for the model with

Pthe full-span aileron deflected 5 i The reduction in rolling moment is
greater than the reduction in pb/2V since the root bending moment is
not zero as is the case when there is no restraint in roll.

Dsmping-in-Roll Coefficients

For all the aileron configurations investigated, the dsmping-in-
roll coefficients generally increased slightly with increasing Mach num-
ber ~d this increase becsme more pronounced at the higher Mach numbers
(figs. 6snd 8). Although the variations of Czp with aileron deflec-

tion, span, and spanwise location were generally within the experi-
mental accuracy, CZP generally decreased as the aileron deflection and

. span were increased and also when a partial-spsn aileron was moved
inboard from the w3ng tip (figs. 5 to 8).

The comparison with the theoretical curve of Czp against Mach

number, as determined by the method of reference 8, shows that the
maqitude of the e~ertientdly determined Czp values ad their vsria-

tion with Mach number sre in good agreement with those predicted by
theory (figs. 6{a) and 6(b)). Since wing distortion under load causes
a larger decrease in CZ than in pb/2V, the exprimentel cZp values

are lower than rigid-wing results. The decrease due to distortion is
estimated to be about 3 percent for the test vehicle with the full-span
ailerons deflected 5° at a Mach number of 0.9.

CONCLUSIONS

A wind-tunnel investigation to determine the effects of aileron
span and spanwise location on the rolling characteristics of a three-
winged test vehicle having untapered 45° sweptback whgs through a Mach

. number range of 0.30 to a%out 0.94 indicated the following conclusions:
.
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1. The wing-tip helix .Ules, rolling-moment coefficients, and
dsnrping-in-rollcoefficients were generallyonly slightly affected by
Mach number variations for the range covered in the instigation.-. ,.

2. A partial-span aileron was most effective when.at a midsemispan ,
location and least effective when located at the @g ~ip.

3. The experimentally determined aileron effectiveness parameters
and the dsmping-in-roll coefficients were in good ~ement with
theoretically determined values. —

4. The results are in good agreement with data obtained by the
free-flight rocket-propelled and

Lsmgley Aeronautical Laboratory
National Advisory Committee

Langley Fi.eld,Va.

transonic-bump testing techniques.
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DIMENSIONALCHARACTERISTICSOF THE VARICWS0,20-CHORDAIIERONS

Configuration

I
I4
I4
I4
I

I4
I

I

h
I

I4
I

I‘4

0.809
(full span)

.6o7

.405

.405

.202

JL05

Aileronspanwiselocation
—~

0.191

.393

. .

.595

. ?98

.

●V1

—
:.

.191
--

.191

.393
.
—

1.000

1.000

1.000

1.000

.798

.595

.393

.798

u.,’

.

*-

.

“

.—
.

.

---
“
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Figure 1.- The test vehicle used for the investigation, (Ml dhnfmBions

me 3R inches. )
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Figure 3.- Hlotograph of a typical installation

7- by 10-foot tunnel.
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“

.

.3 4 .5 .6 .7 .8 .9 /.0

Much number, 44

(a) ba = 2.14°.

Figure 6.- Effect of aileron span on the variation of the rolling charac-

teristics with I&%chnumber. YQ = 1.00+

~
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Figure 6.- Concluded.
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Figure 7.- Effect of spanwise aileron location on the .var.iationof the

rolling characteristicswith aileron deflection. M= 0.30.
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on the variation of theFigure 8.- Effect of spanwise aileron location
rolling characteristics with Mach number.
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+2=/.m

-———+2 ‘o. /9/
.08 M

A “ 0.30.

.04 .80
pb

.94

0

o

Figure 9.- variation

.20 40 .60 .80 f.00

ba -“
n

of the rolling effectiveness with aileron span and
s~wise

>

.

.008

———

location. Sa

b*
=* =0.809,

b“ k 0.405,—.
/5/2

&=o.405,

= 5.070.

% = /.000b/2

& =/000

& =0./9/
1

I I I I I I I I I I I I I I

.5 .6 .7 .8 .9 1.0 1./ 1.2

Much number, M =s=

Figure 10.- Com~rison of the rolltig effectiveness as determined by wind-
tudnel and free-flight testing techniques.
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Figure 14.- Comparison of the aileron effectiveness parameters as determined
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